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LEGAL NOTICE 

This report was prepared as an account of Government sponsored 
work. Neither the United States, nor the Commission, nor any 
person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, 
with respect to the accuracy, completeness, or usefulness 
of the information contained in this report, or that the use 
of any information, apparatus, method, or process disclosed 
in this report may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for 
damages resulting from the use of any information, apparatus, 
method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee 
of such contractor, to the extent that such employee or contractor 
of the Commission, or employee of such contractor prepares, dis
seminates, or provides access to, any information pursuant to his 
employment or contract with the Commission, or his employment with 
such contractor. 



ANL-6678 
Metals, Ceramics , 

and Mater ia ls 
(TID-4500, 24th Ed.) 
AEC Research and 

Development Report 

ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 
Argonne, Illinois 60440 

PRELIMINARY IRRADIATIONS OF PuC AND UC-PuC 

by 

J. H. Kittel, L. A. Neimark, R. Car lander, 
O. L. Kruger, and R. C. Lied 

Metallurgy Division 

Program 6.5.6 

This report supersedes sections of the following 
Metallurgy Division Annual P rogress Reports: 

Report No. Year Pages 

90 
138, 
124-

1 

139 
126 

ANL-6330 I960 
ANL-6516 1961 
ANL-6677 1962 

September 1963 

Operated by The University of Chicago 
under 

Contract W-3 1-109-eng-38 
with the 

U. S. Atomic Energy Commission 





T A B L E O F C O N T E N T S 

P a g e 

4 
A B S T R A C T • • ' ' ' 

4 
INTRODUCTION • 

E X P E R I M E N T A L M A T E R I A L S AND P R O C E D U R E 5 
5 

P r e p a r a t i o n of S p e c i m e n s 
. . 7 

I r r a d i a t i o n of S p e c i m e n s • . . . . . . . . 
9 

R E S U L T S AND DISCUSSION. . . . . . . . . . . . • • • • • • • • • • • • • • • 
9 

C a s t S p e c i m e n s . . . . . . . . • • • - • • • 

P r e s s e d and S i n t e r e d S p e c i m e n s 

13 
CONCLUSIONS. . . . . . . . . . . • • • • • • 

14 
A C K N O W L E D G M E N T S . . . . . . . . • • • • • • • • • • • • • • 

15 
R E F E R E N C E S . . . . . . . . . • • • • • 





No. 

No. 

LIST OF FIGURES 

Title Page 

1. Typical Arc-cas t PuC Specimen before Machining to Size . . 

2. P r i m a r y PU2C3 (Dark) in a PuC Matrix of an As-cas t 
Pu-50.4 a/o C Alloy • 

3. Widmanstatten Precipi ta te of (U, Pu)2C3 in a (U, Pu)C 
Matrix of an As-cas t (U, 20 Pu)-50.5 a/o C Alloy. . . . . . . . 

4. Typical Specimens before Irradiation 

5. Assembly of Special EBR-I Fuel Rod Used for Irradiation 
of P r e s s e d and Sintered Carbide Specimens 

6. Arc -cas t PuC Specimen No. M- 1-4 after 0.10 Metal Atom 
Percen t Burnup at a Central Temperature of 650°C 

7. Arc -cas t UC-18 w/o PuC Specimen No. M-1-5 after 
0.079 Metal Atom Percen t Burnup at a Central Tempera
ture of 460°C . . . . . . . . . . . . . . . . . • • • • • • 

8. P r e s s e d and Sintered UC-20 w/o PuC Specimen No. M-3-5 
after 0.090 Metal Atom Percent Burnup at a Central Tem
pera ture of 380°C • • 

11 

11 

12 

LIST OF TABLES 

Title Page 

I. Effects of Irradiation on Cast PuC Specimens . 10 

II. Effects of Irradiation on Cast UC-PuC Specimens . . . . . . . 10 

III. Effects of Irradiation on P re s sed and Sintered Pel lets of 
UC-20 w/o PuC 12 

IV. Comparative Fission Gas Release in Rods Containing Arc-
cast and P r e s s e d and Sintered Specimens . 12 

V. Isotope Ratios in the Fission Gas Released in Rod M-3 . . . . 13 





PRELIMINARY IRRADIATIONS OF PuC AND UC-PuC 

by 

J. H. Kittel, L. A. Neimark, R. Carlander, 
O. L. Kruger, and R. C. Lied 

ABSTRACT 

Pre l iminary irradiat ions were made of arc-cast spec
imens of PuC and UC-PuC and of p ressed and sintered pel
lets of UC-PuC to determine the suitability of these mater ia l s 
for further development as possible fuels for liquid meta l -
cooled fast r eac to r s . The PuC content in the mixed-carbide 
specimens was near 20 w/o. The specimens were i r radia ted 
as fuel rods in the fast reactor EBR-I. Maximum fuel burri-
up and temperature during irradiation were respectively 
0 10 metal atom percent and650°C. The cas tPuC specimens 
were found to have fractured to a greater extent under i r r a d 
iation than did the cast mixed-carbide specimens. Dimen
sional changes in those specimens which did not fracture 
were negligible. Fission gas re lease from the cast speci
mens was 0.24% of the theoretical yield. The pressed and 
sintered pellets did notfracture under irradiat ion and showed 
negligible dimensional changes. Fiss ion gas re lease from 
the pellets was 12.0% of theoretical. The high gas re lease 
from the pressed and sintered specimens is attributed to a 
relatively high degree of open porosity which existed in the 
pellets . 

INTRODUCTION 

Early work on the propert ies of UC(l-3) had shown that this com
pound was a promising fuel mater ia l for liquid metal-cooled r eac to r s . It 
had also been determined that PuC possessed the same crys ta l s t ructure 
(NaCl-type) as UC. so that PuC and solid solutions of UC-PuC were also of 
m e r e s t as possible fuel mate r ia l s . PuC is of part icular in teres t as a fuel 
for fast r eac to r s in which a minimum core size must be combined with a 
high power density. UC-PuC mixtures are part icularly of in teres t as high-
tempera ture ceramic fuel for fast breeder reac tors in which the relatively 
high thermal conductivity and high metal atom density of the carbide is a 
distinct advantage compared with the mixed oxide fuel UO^-PuO^. 

Prepara t ions were begun at Argonne National Laboratory in 1958 to 
determine the effects of i rradiat ion on prototype fuel elements containing 
PuC and mixtures of UC and PuC. Pre l iminary i r radiat ions in the EBR-I 
reactor have been completed and are described in this report . 





E X P E R I M E N T A L M A T E R I A L S A N D P R O C E D U R E 

P r e p a r a t i o n of S p e c i m e n s 

F o r c o n v e n i e n c e , t h e s p e c i m e n s w i l l b e r e f e r r e d t o a s P u C o r 

U C - P u C , a l t h o u g h s t o i c h i o m e t r i c m o n o c a r b i d e c o m p o s i t i o n s w e r e n o t p r e -

p a r e d i n a l l c a s e s . 

T w o f a b r i c a t i o n m e t h o d s w e r e u s e d t o p r e p a r e e x p e r i m e n t a l s p e c i 

m e n s A r c - c a s t i n g w a s u s e d f o r b o t h P u C a n d U C - P u C m i x t u r e s , a n d 

p r e s s e d a n d s i n t e r e d p e l l e t s w e r e m a d e of U C - P u C m i x t u r e s T h e n o m i 

n a l P u C c o n t e n t w a s 20 w / o i n b o t h t y p e s of U C - P u C c o m p o s i t i o n s ^ T h e ^^ 

u r a n i u m i n a l l U C - P u C s p e c i m e n s w a s e n r i c h e d a p p r o x i m a t e l y 9 3 % m U 

to e n h a n c e t h e r a t e of m e t a l a t o m b u r n u p . 

T h e c a s t s p e c i m e n s of P u C a n d U C - P u C w e r e p r e p a r e d b y a r c 

m e l t i n g a n d c a s t i n g i n a n i n t e r c h a n g e a b l e h e a r t h a r c f u r n a c e . P - - ' ^ ^ °^ 

c a r b o n ! p l u t o n i u m . a n d / o r u r a n i u m w e r e d i r e c t l y a l l o y e d i n t o b u t t o n s b y 

a r c m e l t i n g i n a w a t e r - c o o l e d c o p p e r c r u c i b l e u n d e r a p r o t e c t i v e a t o i o s -

p h e r e of h e l i u m o r a r g o n . A n a l l o y e d b u t t o n of a b o u t 35 g w a s t h e n p l a c e d 

o v e r t h e o p e n i n g of a g r a p h i t e t u b e m o l d . T h e b u t t o n w a s h e a t e d b y t h e a r c 

a i d w h e n i t w a s f u l l y m o l t e n , d r o p p e d i n t o t h e m o l d . T h e a r c f u r n a c e w a s 

i m m e d i a t e l y e v a c u a t e d t o s l o w c o o l t h e c a s t i n g . F l a n g e d g r a p h i t e n i o l d s 

w e r e u s e d f o r t h e U C - P u C s p e c i m e n s . T h e m o l t e n P u C a l l o y s r e a c t e d 

w i t h t h e g r a p h i t e f l a n g e ; t h e r e f o r e , t h e y w e r e m e l t e d o n a c o o l e d c o p p e r 

s u r f a c e a n d c a s t i n t o a g r a p h i t e s l e e v e m o l d . F u e l p m s of t h e P - C c o i m 

p o s i t i o n w e r e e a s i e r t o c a s t a n d h a d a b e t t e r s u r f a c e a p p e a r a n c e t h a n t h o s e 

of U C - P u C T h i s b e h a v i o r w a s a t t r i b u t e d t o t h e g r e a t e r s u p e r h e a t of t h e 

P u C m e l t p r i o r t o c a s t i n g d u e t o i t s l o w e r m e l t i n g p o i n t of 1650 C c o m p a r e d 

w i t h t h a t of a b o u t 2 3 0 0 ° C f o r U C - 2 0 w / o P u C . 

T h e t o p s of t h e c a s t i n g s w e r e 

r e m o v e d . l e a v i n g f u e l p i n s a b o u t 

2 5 m m (1 i n . ) l o n g b y 7 . 6 m m ( 0 . 3 0 i n . ) 

i n d i a m e t e r . U n s u c c e s s f u l a t t e m p t s 

w e r e m a d e t o c a s t t h e s p e c i m e n s 

w i t h a n a x i a l h o l e f o r a c c o m m o d a t i o n 

of a c e n t r a l t h e r m o c o u p l e . E i g h t c a s t 

P u C a n d e i g h t c a s t U C - P u C f u e l p i n s 

w e r e m a d e . A t y p i c a l c a s t i n g b e f o r e 

r e m o v a l of t h e t o p i s s h o w n i n F i g 

u r e 1. A l l of t h e s p e c i m e n s h a d d e n 

s i t i e s g r e a t e r t h a n 9 8 % of t h e o r e t i c a l . 

106-5104-A I ' ' 

Figure 1. Typicai Arc-cast PuC Specimen before 
Machining to Size 

T h e c a r b o n c o n t e n t s of t h e 

c a s t s p e c i m e n s w e r e v a r i e d f r o m 

4 . 7 5 t o 5 . 7 3 w / o . T h e p l u t o n i u m 

c o n t e n t s i n t h e c a s t m i x e d - c a r b i d e s p e c i m e n s w e r e v a r i e d f r o m 1 7 . 2 t o 

2 7 . 8 w / o . T y p i c a l m i c r o s t r u c t u r e s a r e s h o w n i n F i g u r e s 2 a n d 3 . M o r e 





d e t a i l e d d e s c r i p t i o n s of the p r e p a r a t i o n and P r o p e r t i e s of a r c - c a s t p l u t o 
n i u m c a r b i d e s have b e e n p u b l i s h e d e l s e w h e r e . ( 4 , 5 ) M o s t of the s p e c i m e n s 
w e r e p u r p o s e l y m a d e wi th e x c e s s c a r b o n over tha t r e q u i r e d for s t o i c h i 
o m e t r i c m o n o c a r b i d e in o r d e r to avoid the p o s s i b l e p r e s e n c e of a f r e e p lu 
t o n i u m p h a s e wh ich cou ld c a u s e r a p i d p e n e t r a t i o n of the s t a i n l e s s s t e e l 
c l add ing A second p h a s e d i s t r i b u t i o n of s e s q u i c a r b i d e was p r e s e n t m the 
h y p e r s t o i c h i o m e t r i c m a t e r i a l . I n t e r p r e t a t i o n of the c a s t m i c r o s t r u c t u r e s 
w a s a ided by i n f o r m a t i o n ob ta ined by S. R o s e n and a s s o c i a t e s . l ^ ^ 

Figure 2 
Primary Pu^Cj (Darli) in a PnC 
Matrix of an As-cast Pu-50.4 a/o 
C alloy 

Figure 3 

Windmanstatten Precipitate (Inter
secting Planes) of (U, Pu)2C3 in a 
(U, Pu)C Mauix of an As-cast 
(U, 20 Pu)-50.S a/o C Alloy 

' ' :̂ y-'^~^ : -^ ->•.(' v . ^ y. ) \ • 

> > ' • > 

^y^^^<\ 

Xk-

31683 500X 

T h e U C u s e d i n t h e p r e s s e d a n d s i n t e r e d s p e c i m e n s of U C - 2 0 w / o 

P u C w a s m a d e b y r e a c t i n g p e l l e t s of e n r i c h e d UO^ a n d c a r b o n ^>^der v a c u u m 

i n U C - l i n e d g r a p h i t e c r u c i b l e a t 1 6 0 0 ° C . T h e P u C w a s m a d e b y r e a c t i n g 





pellets of PUO2 and carbon, with Carbowax as a binder, at 1300°C under 
vacuum in a tan ta lum-res is tor furnace. The UC and PuC clinkers were 
ground together in the desired weight ratio and cold-pressed into right 
cylinders with an axial thermocouple hole. The cylinders were then fired 
under vacuum at 1650°C from 1 to 4 hr in a tan ta lum-res is tor furnace. A 
total of 15 pressed and sintered specimens were prepared. The average 
bulk density was 55.1% of theoretical . Typical final dimensions of the pel
lets were 7.92 mm (0.312 in.) diameter by 15 mm (0.60 in.) long. 

Typical specimens of all three types are shown before i rradiat ion 
in Figure 4. 

mrm^^^s^: 

PuC (Arc-cast) 

UC-20 PuC (Arc-cast) UC-20 PuC (Pressed and Sintered) 

106-5470 
Figure 4. Typical Specimens before Irradiation 

2X 

I r r a d i a t i o n of S p e c i m e n s 

The E B R - I r e a c t o r w a s u s e d for the i r r a d i a t i o n s . Al though th i s 
r e a c t o r has a r e l a t i v e l y low r a t e of fuel b u r n u p , th i s was not c o n s i d e r e d 
to be a s e r i o u s d i s a d v a n t a g e , s ince h igh b u r n u p was not an ob jec t ive in the 
p r e l i m i n a r y t e s t s . The r e a c t o r was s e l e c t e d m a i n l y b e c a u s e i t s f a s t flux 
would enab le u n i f o r m b u r n u p to be a c h i e v e d in P u C s p e c i m e n s of r e a s o n 
able s i z e . 

At the t i m e the i r r a d i a t i o n s w e r e m a d e , the E B R - I r e a c t o r con 
t a ined the M a r k III c o r e . The fuel e l e m e n t s in th i s c o r e w e r e r o d s 10.3 m m 
(0.404 in.) in d i a m e t e r . ( 7 ) It w a s d e s i r e d to i r r a d i a t e the c a r b i d e s p e c i 
m e n s d i r e c t l y in the c o r e of the r e a c t o r . The s p e c i m e n s w e r e t h e r e f o r e 





p l a c e d in t h r e e s p e c i a l fuel r o d s hav ing ou te r d i m e n s i o n s and end f i t t ings 
i d e n t i c a l to the M a r k III fuel r o d s . T h e s e s p e c i a l fuel r o d s w e r e i n t e r 
c h a n g e a b l e wi th ex i s t i ng r o d s in the M a r k III c o r e . 

A d rawing of the a s s e m b l e d s p e c i a l fuel r od . M - 3 , u s e d for i r r a d i a 
t ion of the p r e s s e d and s i n t e r e d p e l l e t s i s shown in F i g u r e 5. The c a s t 

NaK FILLING TUBE 

304 STAINLESS 
STEEL TUBE 

UPPER BLANKET SLUG 

FUEL SPECIMENS 

LOWER BLANKET SLUG 

EXTENSION ROD 

THERMOCOUPLE TUBE 

•WELD 

NaK LEVEL 

CENTERING SPACERS 

WELD 

106-7281 
Figure 5. Assembly of Special EBR-1 Fuel Rod Used for Irradiation of Pressed and 

Sintered Carbide Specimens. Two similar fuel rods, without thermocouples, 
were used for irradiation of the cast specimens. 





specimens were i r radiated in two similar rods, M-1 and M-2, which did 
not contain a central thermocouple. Rods M-1 and M-2 each contained 
four PuC and four UC-PuC specimens. They were arranged so that speci
mens of each composition were in alternating positions along the length of 
the fuel rod. All of the specimens in each of the three rods were bonded 
with NaK to the Type 304 stainless steel cladding. Helium was used as the 
cover gas over the NaK. Centering of the specimens in the fuel rods was 

:ompIished by placing tantalum spacers on the ends of each specimen. 
accc 

The three special fuel rods were loaded into subassembly E of the 
Mark III core. In this location rods M-1 and M-2 were 46 mm (1.82 in.) 
from the center line of the reactor . The thermocoupled rod M-3 contain
ing the pressed and sintered specimens was 43 mm (1.68 in.) from the cen
ter line. 

During irradiation, temperatures were measured at various points 
along the center line of rod M-3. Adjacent temperatures were also mea
sured in the NaK coolant flowing past the fuel rod. F r o m the temperature 
differences thus determined, and from previously determined plutonium 
fission rate contours in the EBR-I core.(») it was possible to calculate the 
tempera tures of the specimens in the two rods which did not contain thermo
couples. Corrections were made for the differences in density between the 
sintered and cast specimens. The assumed thermal conductivities of all 
specimens were based on prel iminary information supplied by Bri t ish in-
vestigators(9) in their studies of the propert ies of various UC-PuC compo
sitions. Atomburnups ina l l specimens were calculated from previously 
determined plutonium fission ra tes in EBR-I. 

After i r radiat ion the rods were shipped to the hot cells at the 
Lemont site of Argonne National Laboratory. They were opened in an 
alpha- and gas-t ight box in a high-level gamma cell. An atmosphere of 
nitrogen was used in the box at all t imes to avoid fires and oxidation of the 
specimens. 

Since the maximum clad inner surface temperature (350°C) was well 
below that at which carbon pickup, sensitization, or corrosion might be ex
pected to occur, the detailed post irradiat ion examination was limited to the 
carbide specimens themselves . 

RESULTS AND DISCUSSION 

Cast Specimens 

Irradiat ion conditions and the resul ts of the post irradiat ion exami
nation for the cast PuC and the UC-PuC specimens are summarized in 
Tables 1 and II, respectively. Metal atom burnups ranged from 0.060 to 
0 10%, and central temperatures were in the range from 370 to 650°C. 
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î ,„or- in the soecimens containing uranium Burnups and temperatures were lower n̂^̂^̂^ ŝ pê  ^^^.^^ ^^ p^,3,_ 
because of the lower fission cross section 

Table I 

EFFECTS OF IRRADIATION ON CAST PuC SPECIMENS 

Remove() whole. 

Removed in three pieces. 

Removed in three pieces. 

Removed in three pieces. 

Removed in large number 

Removed whole but broke 

Removed in seven pieces. 

Removed in two piece 

• of pieces. 

up in handling 

(a)Condition of specimen did not permit measurement 

Table n 

EFFECTS OF IRRADIATION ON CAST UC-PuC SPECIMENS 

Pu. w'o C, w'o 

Diameter, m 

Post Change 

4.83 0 

5.68 0 

5.64 0 

5 16 0 

5.50 0 

5.16 0 

4.78 C 

4.75 

060 

060 

069 

069 ' 

076 

077 

078 

079 

.079 

350 

350 

310 

310 

360 

360 

360 

350 

350 

390 

390 

490 

490 

460 

460 

460 

460 

460 

7.699 1 7.717 

7.684 7.696 1 

7.620 

7.551 

7.470 

7.549 

7.635 

7.729 

7.699 

7,379 

7.653 

7.577 

7 549 

(al 

7.719 

7.722 

0.018 

0.012 

-0.241 

0.102 

0.107 

0.000 

-0.010 

0.023 

Density, g/cm^ 

13,29 13,09 

13.37 13.30 

Change, 

Removed whole. 

Removed in two pieces. 

Removed in two pieces. 

Removed whole. 

Removed wtiole. 

Removed in two pieces. 

Removed whole but broke up in handling. 

Removed whole. 

I Removed whol 

(atCondition of specin d not permit measurement. 

The PuC specimens were observed to have fractured to a greater 

of PuC This beh ^ ^^ ^^^3, ^ 3teeper temperature gra-
ductivity of the PuC phase. condition would induce greater 

dient - - - ^ ^ f - ^ ^ P ; ™ : „ s . whL: in turn could cause them to fracture. 
;rt:mum-:::br:^allTys co^aining the ze P.a.e^-ve .ee^^observed Ŵ _̂ 

workers at this ^^IIIZZ;ITL1^^^^^ this would also 

ing -<^ ; °° \ " f -^J ; ; ; ; ;%° i l e present specLens. however, the carbon 

^ rn t r tTa r fu f f r cLr i^^h to b̂e outside the range m which zeta forma-

tion could occur. 





31323 IX 
Figure 6. Arc-cast PuC Specimen No. M-1-4 

after 0.10 Metal Atom Percent Burnup 
at a Central Temperature of 650°C. 
The tantalum end spacers are also 
shown. 

31324 IX 
Figure 7. Arc-cast UC-18 w/o PuC Specimen 

No. M-1-5 after 0.079 Metal Atom 
Percent Burnup at a Central Tem
perature of 460°C. A tantalum end 
spacer is also shown. 

D i m e n s i o n a l c h a n g e s w e r e n e g l i g i b l e i n t h e t w o P u C s p e c i m e n s 

w h i c h c o u l d b e m e a s u r e d a f t e r i r r a d i a t i o n . D e n s i t y c h a n g e s w e r e b o t h 

p o s i t i v e a n d n e g a t i v e , a n d c o u l d n o t b e c o r r e l a t e d w i t h c o m p o s i t i o n o r i r 

r a d i a t i o n c o n d i t i o n s . 

In t h e c a s e of t h e m i x e d - c a r b i d e s p e c i m e n s , a p p a r e n t d i a m e t e r 

c h a n g e s a s l a r g e a s 0 . 2 4 m m ( 0 . 0 0 9 5 i n . ) w e r e m e a s u r e d . In v i e w of t h e 

p o o r s u r f a c e s of t h e s e s p e c i m e n s t h e i n d i c a t e d d i m e n s i o n a l c h a n g e s a r e 

n o t b e l i e v e d t o b e s i g n i f i c a n t . D e n s i t y d e c r e a s e s w e r e o b s e r v e d i n a l l 

s p e c i m e n s b u t o n e , w h i c h s h o w e d n o a p p a r e n t c h a n g e . A g a i n , t h e d e n s i t y 

c h a n g e s c o u l d n o t b e c o r r e l a t e d w i t h c o m p o s i t i o n v a r i a b l e s o r i r r a d i a t i o n 

c o n d i t i o n s . T h e s u r f a c e s of t h e U C - P u C s p e c i m e n s w e r e g e n e r a l l y l e s s 

b r i g h t t h a n t h o s e of t h e P u C s p e c i m e n s . 

A t t e m p t s t o m e a s u r e f i s s i o n g a s r e l e a s e i n t h e f i r s t r o d c o n t a i n i n g 

c a s t s p e c i m e n s w e r e u n s u c c e s s f u l b e c a u s e of e q u i p m e n t f a i l u r e . M e a s u r e 

m e n t of t h e q u a n t i t y a n d c o m p o s i t i o n of t h e g a s i n t h e s e c o n d r o d s h o w e d 

t h a t f i s s i o n g a s r e l e a s e w a s 0 ' .24% of t h e t h e o r e t i c a l y i e l d . G a s r e l e a s e b y 

s u r f a c e r e c o i l b a s e d on t h e o r i g i n a l s u r f a c e a r e a of t h e s p e c i m e n s a l o n e 

w o u l d a c c o u n t f o r a t l e a s t 4 0 % of t h e g a s t h a t w a s m e a s u r e d . W i t h t h e a d 

d i t i o n of n e w s u r f a c e s f r o m f u e l c r a c k i n g u n d e r i r r a d i a t i o n , a l l t h e r e 

l e a s e d g a s c o u l d b e a c c o u n t e d f o r b y a r e c o i l - r e l e a s e m e c h a n i s m . S i m i l a r 

r e s u l t s h a v e b e e n r e p o r t e d b y i n v e s t i g a t o r s a t H a r w e l l . l ^ ^ ' 

P r e s s e d a n d S i n t e r e d S p e c i m e n s 

T a b l e III s u m m a r i z e s t h e i r r a d i a t i o n c o n d i t i o n s f o r t h e p r e s s e d 

a n d s i n t e r e d p e l l e t s , a n d t h e r e s u l t s of t h e p o s t i r r a d i a t i o n e x a m i n a t i o n . 

M a x i m u m m e t a l a t o m b u r n u p a n d i r r a d i a t i o n t e m p e r a t u r e w e r e 0 . 0 9 1 % a n d 

3 8 0 ° C , r e s p e c t i v e l y . T h e f i s s i o n r a t e of t h e s i n t e r e d p e l l e t s w a s s o m e w h a t 

h i g h e r t h a n t h a t of t h e c a s t s p e c i m e n s b e c a u s e t h e p e l l e t s w e r e c l o s e r t o 

t h e r e a c t o r c e n t e r l i n e . T e m p e r a t u r e s w e r e l o w e r , h o w e v e r , b e c a u s e of 

t h e r e l a t i v e l y l o w b u l k d e n s i t y of t h e p e l l e t s . 
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Specimen 
No. 

M-3-15 

M-3-14 

M-3-1 

M-3-13 

M-3-2 

M-3-12 

M-3-11 

M-3-3 

M-3-10 

M-3-4 

M-3-9 

M-3-5 

M-3-8 

M-3-6 

1 M-3-7 

falTheor 

EFFECTS OF IRRAD 

Preirradialion ^^^^ 
Density, % of a,,r 

Theoreticallal ^^^ 

53.3 0 

54.2 0 

57.0 0 

55.5 0 

57.4 0 

52.6 0 

55.7 0 

56.3 0 

55.5 0 

56.3 0 

52.9 0 

55.0 0 

54,6 0 

56.4 0 

53.8 1 C 

tical density taken as 

ATION 

Atom 
up, '^ 

061 

065 

066 

072 

077 

077 

082 

084 

085 

088 

088 

090 

090 

091 

091 

3.6 g/c 

ON PRESSFD ANO SI 

Irradiation Temp, "C 

Surface 

250 

260 

330 

260 

330 

270 

280 

320 

290 

320 

290 

310 

300 

310 

300 

3, Percent 

Center 

260 

270 

350 

290 

370 

310 

330 

370 

340 

380 

350 

380 

360 

370 

370 

lEREO PELLETS OF UC-20 w/o PuC 

Length, mm 

Pre 

9.20 

9,37 

20.80 

12.48 

22.33 

1 .̂65 

13.10 

15.92 

11.59 

15.85 

13.06 

15.07 

11.10 

9.95 

11.91 

of theoretical base 

Post 

9,20 

9.37 

21.12 

12.48 

22.72 

12 05 

13.14 

15,98 

11,60 

15.98 

13 03 

15.07 

11,13 

9.97 

11.95 

Change 

0,00 

0,00 

0.32 

0.00 

0.39 

-0.60 

0.04 

0 06 

0.01 

0.13 

-0.03 

0.00 

0.03 

0.02 

0.04 

on geometric den 

Diameter, 

Pre 

7.920 

7,920 

7.620 

7.920 

7.670 

7 920 

7.920 

7.640 

7.920 

7,640 

8.029 

7.920 

7.980 

7.920 

8.029 

Post 

7,818 

7.874 

7.721 

7.971 

7.68'! 

8.001 

7.976 

7.691 

7.958 

7,628 

8.098 

7.920 

8.000 

7.932 

7.950 

sity after firing 

Tim 

Change 

-0.102 

-0.046 

O.lOl 

0.051 

0.014 

0.081 

0.056 

0.051 

0.038 

-0.012 

0.069 

0.000 

0.020 

0,012 

-0.079 

N o n e of t h e s i n t e r e d p e l l e t s f r a c t u r e d o r d e v e l o p e d o b v i o u s c r a c k s 

d u r i n g i r r a d i a t i o n . A l t h o u g h t w o of t h e s p e c i m e n s w e r e b r o k e n d u r i n g s u b 

s e q u e n t h a n d l i n g i n t h e h o t c e l l , t h e y w e r e m u c h m o r e d u r a b l e t h a n t h e c a s t 

s p e c i m e n s . L e n g t h i n c r e a s e s u p t o 0 . 3 9 m m ( 0 . 0 1 5 i n . ) a n d d i a m e t e r i n 

c r e a s e s u p t o 0 . 1 0 m m ( 0 . 0 0 4 i n . ) w e r e r a n d o m . I m m e r s i o n d e n s i t y m e a s 

u r e m e n t s w e r e n o t m a d e w i t h t h e s i n t e r e d p e l l e t s b e f o r e o r a f t e r i r r a d i a t i o n 

b e c a u s e of t h e i r e x t e n s i v e o p e n p o r o s i t y . A t y p i c a l s p e c i m e n a f t e r i r r a d i 

a t i o n i s s h o w n i n F i g u r e 8. 

Figure 8 
Pressed and Sintered UC-20 w/o PuC Specimen 
No. M-3-5 after 0.090 Metal Atom Percent Burn-
up at a Central Temperature of 380°C 

EI-555 2X 

A s m i g h t b e e x p e c t e d , f i s s i o n g a s r e l e a s e f r o m t h e p r e s s e d a n d 

s i n t e r e d s p e c i m e n s w a s h i g h e r t h a n f r o m t h e c a s t s p e c i m e n s b e c a u s e 

of t h e l a r g e a m o u n t of o p e n p o r o s i t y w h i c h e x i s t e d i n t h e s i n t e r e d 

p e l l e t s . T a b l e IV s h o w s a c o m p a r i s o n of t h e f i s s i o n g a s r e l e a s e f r o m 

Rod 
No. 

M-1 
M - 2 
M - 3 

Table IV 

COMPARATIVE FISSION GAS RELEASE IN RODS CONTAINING AKC-CAST 
AND PRESSED AND SINTERED SPECIMENS 

Type of 
Specimen 

Cas t 
Cas t 

S in t e r ed 

T l i eo re t i ca l 
Xe Yield 

R e l e a s e d 
Xe, 
cm= 

% Xe 
R e l e a s e d 

T h e o r e t i c a l 
Kr Yield, 

R e l e a s e d 
Kr , 
c m 

% Kr 
R e l e a s e d 

-+-
(At tempt to co l lec t f i ss ion ga 

0.004 I 0.20 I 0.125 
0,115 11.3 0.110 

unsuccessfu l ) 
-0 .001 I - 0 . 8 

0,021 19.1 

% Total 
F i s s i o n 

Gas 
R e l e a s e d 

0,24 
12.0 





r o d s M - 2 and M - 3 . In the c a s e of the s i n t e r e d p e l l e t s i t was found tha t 
11.3% of the xenon and 19 .1% of the k r y p t o n w a s r e l e a s e d , giving an o v e r 
a l l va lue for f i s s i o n gas r e l e a s e of 12.0%. It w a s p o s s i b l e tha t e i t h e r 
k r y p t o n diffused m o r e r a p i d l y than xenon , or tha t the t h e o r e t i c a l y i e ld of 
k r y p t o n u s e d in the c a l c u l a t i o n is low. V a l u e s of the t h e o r e t i c a l y i e ld s of 
the i s o t o p e s of k r y p t o n and xenon w e r e t a k e n f r o m R e f e r e n c e 12. 

Suff icient f i s s i o n gas w a s a v a i l a b l e f r o m r o d M - 3 to obta in a m a s s 
s p e c t r o g r a p h i c a n a l y s i s of the s t a b l e xenon and k r y p t o n i s o t o p e s a n d o f K r . 
The r e s u l t s a r e l i s t e d in T a b l e V. Good a g r e e m e n t w a s found b e t w e e n 
ac tua l and p r e d i c t e d xenon i so tope r a t i o s . A lack of c l o s e a g r e e m e n t i s 
a p p a r e n t in the k r y p t o n da ta , i nd ica t ing tha t the v a l u e s u s e d for t h e o r e t i c a l 
y i e ld s of the k r y p t o n i s o t o p e s m a y be in need of a d j u s t m e n t . 

T a b l e V 

I S O T O P E RATIOS IN THE FISSION GAS 
R E L E A S E D IN ROD M - 3 

I so tope 

Kr«5 
Kr«* 
K r « 
Kr»^ 

T o t a l s 

X e ' ^ ' 
Xe'^^ 
Xe'^-* 
Xe^^^ 

T o t a l s 

% P r e s e n t 

in T o t a l Gas 
Sample 

0.48 
0.75 
0.18 
1.30 

2.71 

2.33 
3.22 
4.98 
4.32 

14.85 

% of 
E l e m e n t 

17.7 
27.7 

6.6 
48.0 

100.0 

15.7 
21.7 
33.6 
29.1 

100.0 

T h e o r e t i c a l 
Amount , % 

12.7 
21.7 

8.1 
57.5 

100.0 

15.5 

21.7 
33.1 
29.7 

100.0 

CONCLUSIONS 

The r e s u l t s of t h e s e p r e l i m i n a r y i r r a d i a t i o n s do not ind ica te any 
u n e x p e c t e d b e h a v i o r wh ich m i g h t l i m i t the u s e f u l n e s s of e i t h e r P u C or 
m i x e d U C - P u C as a f a s t r e a c t o r fuel . H a r w e l l i n v e s t i g a t o r s have r e c e n t l y 
r e p o r t e d s i m i l a r l y e n c o u r a g i n g r e s u l t s wi th UC-10 w / o P u C U ' ) The 
r a t h e r e x t e n s i v e f r a c t u r i n g of the c a s t P u C i s not r e g a r d e d as being p a r 
t i c u l a r l y h a r m f u l , s ince o r d m a r i l y i t would be con ta ined in a duct i le c l a d 
ding a s a r e o t h e r b r i t t l e c e r a m i c fue l s , such as oxide . Addi t iona l 
i r r a d i a t i o n s of P u C and U C - P u C fuels unde r m o r e r i g o r o u s cond i t ions a r e 
in p r o g r e s s a t t h i s L a b o r a t o r y . 
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